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EXECUTIVE SUMMARY

Real-Time Forecasting of Contaminant Loading from the Panoche/Silver Creek
Watershed to the Sarn Joaquin River

Water quality in the San Joaquin River is affected by runoff and sediment contaminant loads from
west-side ephemeral streams, Measures to limit these contaminant loads including early-warning
systems of significant runeff evenls can help to reduce the impact on San Joaquin River water
quality. CALFED has supported the continuation of a demonstration project to improve management
of water quality on the main stem of the San Joaquin River. This project includes the improvement
and upgrading of a system of flow. electrical conductivity and temperature sensors along the main
stem of the San Joaquin River, along each of the major east-side tributaries and major west-side
conveyances (Mud Slough, Salt Slough and in the San Luis Drain).

The newly installed monitoring stations and currently available computer simulation models of
precipitation, snowmelt and runoff for the east-side watersheds allow for advance forecasts of east-
side tributary strearnflow. However, the same capability is not yet available for the west-side. Wes| -
side ephemeral streams can defiver flows up to 10 % of the total flow into the San Joaquin River,
carrying significant sediment, salt, and selenium loads. Implementing new predictive modeling and
measurement applications o the west-side drainage will expand the San Joaquin waler quality
menitoring network,

We propose to add to the existing real-timc water quality management network by moving upsiream
into the Panoche/Silver Creek watershed whose ephemeral streams periodically deliver significant
flow and contaminants (o the San Joaquin River, We will accomplish this by: (1) developing a linked
precipitation and streamflow forecast system; (2) install new telemetered precipitation, flow and water
quality monitoring stations within the upper watershed; and (3) in conjunction with the
Panoche/Silver Creek Coordinated Research Management Program (CRMP) and MecCulley, Frick
and Gilman, Inc (MFG), collect data during significant storm events and further develop an crosion
and sediment transport model for the watershed.

This project will build upon and strengthen the cxisting water quality monitoring activitics in the San
Joaquin River and generate a larger more effective user base, By advancing our present monitoring
capahility with numerical weather and streamflow predictions, we will be able o forecast times of
potential high runeff concentrations, maintuin an expanded operational flow and water quality
monitoring network, and provide advisories via the STRMP web site and STRWQOP listserver,

I —018648

|-018648



PROJECT DESCRIPTION

Real-time forecasting of conteminant loading from the Panoche/Silver Creek
Watershed to the San Joaguin River

Proposed Scope of Work

Water quality in the San Joaquin River is affecied by runoff and sediment contaminant loads from
west-side ephemeral streams, Measures to limit these contaminant loads including early-waming
systems of significant runoff events can help to reduce the impact on San Joaquin River water
quality. CALFED has supported the continuation of a demonstration project to improve management
of water quality on the main stem of the San Joaquin River. This project includes the improvement
and upgrading of a system of flow, electrical conductivity and temperature sensors along the main
stemn Of the San Joaquin River, along cach of the major eust-side tributaries and major west-side
cenveyances (Mud Slough, Salt Stough and in the San Luis Drain).

The newly installed monitoring stations and currently available computer simulation models of
precipitation, snowmelt and runoff for the east-side watersheds allow for advance forecasts of east-
side tributary streamflow, However, the sume capability is not yet available for the west-side. West -
side ephermneral streams can deliver flows up to 10 % of the total flow into the San Joaquin River,
carrying significant scdiment, salt, and selenium loads. Implementing new predictive modeling and
measurement applications 1o the west-side drainage will expand the San Joaquin water quality
monitoring network.

We propose to add Lo the existing real-fime water quality management network by moving upstream
into the the Panoche/Silver Creek watershed whose ephemeral streams periodically deliver significant
flow and contaminants to the San Joaquin River. We will accomplish this by; (1) developing a linked
precipitation and streamflow forecast system; (2) install new telemetered precipitation, flow and waler
quality monitoring stations within the upper watershed; and (3) in conjunction with the
Panoche/Silver Creek Coordinaled Research Management Program (CRMP) and McCulley, Frick
and Gilman, Inc (MFG), collect data during significant storm events and further develop an erosion
and sediment transport mode] for the watershed.

This project will build upon and strengihen the existing water quality monitoring activities in the San
Joagquin River (Fig. 1) and generate a larger more cffective user base, Figure 1 shows the synergy of
the propused project with the CALFED-sponsored Real-Time Water Quality Managerment Project on
the San Joaguin River and with other proposed actions to control salt loads from wetlands in the
Grasslands Basin, By advancing our present monmitoring capability with numerical weather and
streamflow predictions, we will be able to forecast times of potential high runoff concentrations,
maintain an expanded operational flow and water quality monitoring network, and provide advisories
via the STJRMT web site and SIRWQOP listserver. The following sub-sections provide descriptions
to our proposed modeling, moniloring, and sediment transport activitics.

1. Maodeling

1.1 Numerical Weather and Streamflow Prediction

The LBNL Regional Climate System Model (RCSM) is composed of a pre- and post-processor
nesting a suite of physically-based models for predicting and assessing both climate and weather
(Fig. 2). It has been successtully predicting fine-scale precipitation, temperature, energy budgets, soil

moisture, runoll, and streamflow in California (Fig. 3) for over five years (Miller and Kim 1996,
1997, Kim et al. 1998). Initial and lateral boundary conditions for our mesoscale (12 km) numerical

I —018649

|-018649



weather predictions are provided by the NOAA National Center for Environmental 'Prediction
(NCEP) large-scale forecasts. RCSM produces daily 48-hour forecasts with 6-hour archiving for all
of California on a 12 km model grid and area-weighted basin-scale archived [orecasts. Ongoing
advances for improving the model precipitation forecasting capability include the testing of different
precipitation convection schemes, simulution of a 1 km nonhydrostatic model for generating
distribution functions, and experimental operational forecasts using the nonhydrostatic mesoscale
maode] at fine scale (1 km).

1.2 Coupled Runaff-Streamflow and Monitoring

Accurate runoff forecasting in the Panoche/Silver Creek watershed is complicatcd by the aridity of the
landscape and high dependence on the character of individual storm events. Not all storms gencrate
runoff and streamflow in the ephemeral watercourses of the Panoche/Silver Creek watershed -
sustained precipitation combined with high residual soil moisture can create conditions that generate
high volumes of runoff. Flood producing rainstorms can occur over the Panache/Silver Creek
walershed anylime between October and April. The steep terrain and sparse vegetation cover, made
worse by overgrazing, contributc o the “flashy™ nature of floods from rainstorms of moderate
intensity. The upper reaches of Panoche and Silver Creeks are well defined. Upon entering the Vallcy
floor, the historic channel is ill defined and is truncated in many areas by cultivated fields, delivery
canals and drains. During high mnoff cvents, flvod walers overtop streambanks on the valley floor
and spread overland. In all cases the flooding occurs in a tract north of Belmont Avenue and ponds
against the Third Lill Canal of the Firebangh Canal Water District. Floods have occurred along
Panoche Creek in 1950, 1952, 1962, 1973, 1977, 1978, 1981, 1986, 1994 and 1995. :

Coupling output from the RCSM-streamflow to the monitoring systemn will be automated within the
RCSM postprocessor. A script. lile will be written for a procedure that automatically transfers 6-hour
cumulative precipitation and mean strearnflow to the local computer used as the monitoring link. This
will involve identifying the Panoche/Silver Creek watershed within the mesoscale model grid and
archiving arca-weighted basin averaged weather variables and fluxes. This will also require
calibrating and veritying the RCSM-streamflow code with available historical rain gage and stream
gage data. A number of soil moisture sensors buried in proximity to the precipitaion and flow
meonitoring stations will help provide lead lime information of the likelihood of storm-produced
overland runoff, RCSM-produced soil motsture will be evaluated against observed values and used to
improve madel soil meisture predictability.

2. Expanded Monitoring Netwark

We propose to expand the existing real-time monitoring netwark, established by the San Joaquin
River Management Program'’s Water Quality Subcommittee (STRMP-WQS) by (1) installing two new
telemetered precipitation stations in the upper watershed; and (2) installing flow and water quality
monitoring stations at strategic locations along Panoche and Silver Creeks, above the confluence of
these ephemeral streams. Lawrence Berkeley National Labotatory (LBNL) and McCulley, Frick and
Gilman (MFG) will be responsible for installation and initial operation of these sfations, The
Coordinated Resource Management Program (CRMP) will assist in the training of local landowners
to maintain these stations.

Figures 4 and 5 show the location of existing CIMIS weather stations (PNH, IDR and PCH) in the
watershed and the approximate location of lhe new stations, respectively. Figure 4 is a USGS-based
1:125,000 USGS DEM with our GIS-derived streamflow network indicating the project footprint and
proposed raingage and flow gage locations. Figure 5 was obtained from the California Data Exchange
Center (CDEC) web site. CDEC provides users with 15 minute updated streamflow and precipitation
gage data. Of these stations only PNH and PCH are currently operational, Stations PNH and PCH

are inadequate to estimate precipitation totals when weather systems approach Irom the south or
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south-west and hence are not sufficient for accurate runell [orecasting from the watershed. The
location of the new precipitation stations will address some of this deficiency,

The flow and water quality station on Silver Creek will be located at a bridge culverl (0 minimize

rating shifts and sitc maintenance. Only during the most severe storms does water flow over and -

around this bridge. The flow and waler quality station on Panoche Creek has vet to be selected. Site
accessibility, proximity of local landowners, the stability of the channel cross-section, and (he
caichment arca will be considered in the final selection by LBNT, and MFG.

These stations will be linked to the current CALFED-sponsored real-time water quality monitoring
stations, and will be worked into the forecasting model uscd (o predict San Joaquin River flow and

electrical conductivity at Vernalis. Because the stations in the upper watershed will be inaccessible for -

much of the winter rainfall period, the sensors deployed at these stations will be robust and capable of
producing accurate results with infrequent maintenance.

The soil moislure sensors will utilize state-of-the-art tomography technology developed at LBNL.,
These sensors are more robust and accurate than resistance blacks or tensiometers and draw litle
power. Collaborating surface water hydrologists al UC Berkeley (Dietrich et al. 1982,1992, 1993,
1998) have extensive experience in instrumenting hillslope sites with these sensors.

Additional sub-watersheds have been identified for instrumentation in order to calculate specific
tunoff and contaminant loading factors. Maintenance of existing collector stations with the installation
of continuous flow and conductivity monitors to augment existing dara will be required. Data on the
ratio of water to sediment is needed Lo determine selenium and salt loads and will be collected by
MFG as part of their seditment and erosion monitoring work, Chemical and jsotopic data on water and
sediment as well us data on the relationship between selenium speciation and particle size will be
collected by MFPG and LBNL to determine il readily obtained particle size analysis can be used to
substitute for more costly selenium analysis. The facilities of the mntemationally recognized Center for
Tsatope Geochemistry at LBNL will be utilized for this component of the praject, With knowledge of
the underlying structure and gealogic formations of the watershed isotopic data can be utilized o
determine possible recharge pathways through historic streams channels, and remnants of natural
alluvial fan structures to predict flow and movement of seleniferons waters.

3. Erosion and Sediment Transport

In the past decade the USGS established watershed collecting stations, designed to sample suspended
sediment antomatically on fast - rising streams since this area is remote and difficult to reach at
appropriate times to sample in the rainy season. The water/sediment data was used to define primary
mass loading of selenium into existing surface water systems, aguifers, and the adjacent alluvial fan
in the western San Joaquin Valley. Samples taken from five initial sites in Panoche and Silver Creeks
showed significant seleninm transport in the initial first flush. Sustainability of a rather high level of
selenium even with large amounts of water flowing down the creek, and a resurgence of higher
selenivm levels later in the storm sequence due to groundwaler contribution to swreamflow. Rain
gauges and rain samplers were installed at nine locations in order to distinguish the runoff component
from the groundwater component mainly through the use of the -isotopic signatures of
deunterium/hydrogen and oxygen(13)oxygen.

Runoff, streamflow, and sediment transport will be modeled using TOPMODEL (Beven and Kirby
1979, Duan and Miller 1997) concepts. TOPMODEL is a physically-based semi-distributed
hydrologic model that has been used extensively in Europe and the United States to predict rainfall
runoff and sediment transport in both small and large watersheds (Kirkby 1997, Wolock et al. 1997).
TOPMODEL computes surface overland runoff, shallow subsurface flow, and headwater channel
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flow to the streamn gauge station. The RCSM version of TOPMODEL uses similarity of a topographic
index derived [rom Geographic Information Systemn (e.g. ARC-INFO) coverages of basin
topography to solve for lateral transport. Other required coverages include vegetation, soil type, and
depth to bedrack. Application of the RCSM-TOPMODEL will wtilize the recent project tcam dlata
collection and reconnaisance activities within the watershed. The hydrologic mode] calibration will he
initially based on the available gauge data and re-calibrated as ¢ach additional year of gauge data
becomes available.

Simulation of sediment delivery to streams and its routing through stream systems will take place
during the second year phase of this project. The primary data collection effort relative to the ercsion
and sediment modeling will be undertaken by MFG with assistance from members of the CRMP and
LBNL. MFG have performed extensive survey work in the upper watershed in the pust two years to
determine the major sources of sediment export from the watershed and to map areas of erosion
hazard (Fig. 6 and 7). LBNL's major role will be to apply a gencralized, channel-network based,
sediment routing model for the transport of coarse and fine sediment through the Panoche/Silver
Creck strcan system (Miller et al. 1998). The scdiment transport model development is part of the
Regional Climate Center-RESAC Lasks and will link to the TOPMODEL hydrologic modeling of
Miller and Kim (1996). This advanced routing model will account for storage effects on transit and
residence times of sediment (Dietrich et al. 1982) and provide an assessment capahility for
determining the cumuladve effects and recovery times after improved management practices. MFG
will provide input to LBNL for the calibration and verification of the rainfall-runoff-erosion
forecasting tools.

Summary

The proposed work strengthens existing watershed projects (CALFED Real-Time Water Qualily
Management Project on the San Joaquin River, USBR Riparian Corridor Evaluation Project, State
Water Resources Control Board Erosion and Sedimentation Study of the Upper Panoche/Silver Creek
Watershed, and the NASA Regional Earth Science Applications Center at Berkeley) with new
praposed research applications at Panoche/Silver Creek. This cost-efficient approach will create a
framework for advancing a basin-wide flow and water quality forecasting system.

References

Amthor, 1.5., M. Goulden, J. Munger, and 5. Wofsy, 1994: Testing a mechanistic model of forest-
canopy mass and energy exchange using eddy correlation: Carbon Dioxide and Ozone uptake by
a mixed Oak-Maple stand. Aust. J. Plant Physiol., 21, 623-651.

Beven, K.J., RLamb, P.Quinn, R.Romanovicz, and J.Freer, 1995: TOPMODEL, in Singh, V.P.
(Ed). Computer Models of Watershed Hydrology, Water Resources Publications. pp 627-688,

Beven, K.I. and M.J. Kirby, 1979: A physically-based, variable ¢contributing area model of basin
hydrology. Hydol. Sci. Bull., 24, 43-69.

Brenda, L. and T. Dunne, 1997: Stochastic forcing of sediment routing and storage in channel
networks, Water Resources Research, 33, 12, 2849-2863.

Diewich, W. E. and Montgomery, D. R, 1998, SHALSTAB: A digital terrain model for mapping
shallow landslide potential, NCASI Technical Report, Fcbruary 1998, 29pp.

Dietrich, W.E., C. Wilson, D. Montgomery, J., McKean, and R. Baner, 1992: Erosion thresholds
and land surface morphology. Geolagy, 20, 191-206,

Dietrich, W.E. T, Dunne, N.F. Humphrey, and L.M. Reid, 1982: Construction of sediment hudgets
for drainage basins, in Scdiment Budgets and Routing in Forested Drainage Basins, F.J.
Swanson, R.J. Janda, T. Dunne, D.N. Swanston, Eds. (Pacific Northwest Forest and Range
Experimental Station, Portlan, Oregon, 1982) pp. 5-23.

I —018652

|-018652



Dietrich, W.E and T. Dunne. 1993: The channel head, in K, Beven and M.Kirkby (Eds), Channel
Network Hydrology, I. Wiley and Sons, 675-679.

Duan, I. and N.L. Miller, 1997: A generalized power function for the subsurface transmissivity

profile in TOPMODEL. Water Resources Research, 33, 11, 2259-2262.

Kim, J., Miller, A. Guetter, and K. Georgakakos, 199%: River ilow response to precipitation and
snuw budget in California during the 1994-1995 winter. J. Climate, 11, 2376-2386.

Kim, J. and T.-8. Soong, 1996: A simulation of a precipitation event in weslern U.S.. In Regional
Impacts of Climate Change. In Ghan, 5., W, Pennel, K. Paterson, M. Scott, and L. Vail (Eds)

Kirkby, M.I. 1997. TOPMODEL: A personal view. Hydralogical Processes, 11, 1087-1097.

Miller, N.L., 1998: The California Water Resources Research and Applications Center (RESAC)
NASA-NRA-98-06. NASA Grant 1999-2002.

Miller, N. L. 1997: An Automated Land Analysis Systcm (ALAS) for applications at a range of
spatial scales: Watershed to global. Jn Next Generation Environmental Model and Compurational
Methods SIAM, Ed. G. Delic and ZM. Wheeler.

Miller, N.L. and L. Kim, 1996: Numerical prediction of precipilation and riverflow over the Russian
River watershed during the Janvary 1995 California storms. Bull. Amer. Meleorological Soc.,
77, 101-105.

Miller, N.L. and J. Kim, 1997: A numerical study of the hydrclimate of the southwestern United
States using the Regional Climate Systemn Model (RCSM), 13" Conference on Hydrology,
American Meteorological Society, Long Beach, California, 1997,

Quinn N'W.T., C.W. Chen, L.F. Grober, J. Kipps and E. Cummings. 1997, Computer model

mmptoves real-time management of water quality. California Agriculture, 51, 5.

Quinn N.W.T. and J. Karkoski. 1998. Potential for real time management of water quality in the San
Joaquin Basin, California, American Water Resources Association, 34, 6.

Quinn N.W.T., and M.L. Delameore, 1994, Issues of sustainable irrigated agriculture in the San Joaguin
Valley of California in a changing regulatory environment concerning water quality and protection of
wildlife. International Symposium on Water Resources in a Changing World, Karlsruhe, Germany,
June 1994,

Quimn NW.T., J.C. McGahan and M.L. Delamore, 1994, Innovalive sirategies reduce selenium in
Grasslands drainage. California Agriculture, Vol. 52, No. 5.

Quinn, N.W.T., T. Tokunaga, I. Clyde and R. Salve, 1994, Investigation of selenium losses in cunals

-used for conveyance of sub-surface agriculiural drainage in the western San Joaquin Valley,
California. Proceedings of the International Conference on Groundwater Ecology Atlanta, Georgia,

Tsuji, G., G. Uehara, and 3. Balas, 1994: The Digital Support System for Agrotehnology Transfer
(DSSAT) Version 3. IBSNAT, University of Hawaii, Honolulu, Hawaii. _

Walack, D.M., 1. Fran, and G.B. Lawrence 1997. Effects of basin size on low-flow stream

chemistry and subsurface comtact time in the Neversink River Watershed, New York.
Hydrological Processes, 11,9, 1273-1286.

I —018653

|-018653



Location and Geographic Boundaries of the Project

The Panoche / Silver Creek watershed is located in Fresno and San Benito counties on the western
edge of the San Joaquin Valley in the Constal Range. The 300 square mile watershed contains a wide
range of land uses: approximately 30% of the watershed west of Interstate S is utilized for livestock
grazing on land managed by the Bureau of Land Management; the remaining land is in private
ownership and is used as rangeland grazing or for agricultural crop production. Annual precipitation
in the watershed is hetween 6 and 10 inches per year and the two emphemeral streams that provide
drainage to the watershed, Panoche and Silver Creeks, only occasionally produce runoff. Under
conditions of sustained precipitation of high intensity the watershed is prone to flash flooding. Thesc
flood events can produce significant sediment yields delivering large mass loadings of salts and trace
elements such as selenium to the lowcer watershed.

ECOLOGICAL/RIOLOGICAL BENEFITS
Ecological/Biological Objectives

Contaminants enteting the lower SIR are the primary stressors. Project benefits include: (1)
generation of real-time discharge and conductivity data and estimates of selenium loading to address
deficiencies in the current CALFED-sponsored real-time water quality forecasting project on the
mainsten of the San Joaquin River, (2) modeling of runoff and sediment discharge to lower
watershed, (3) coordination of water quality forecasting, and ¢4) the potential for increasing the
frequency of meeting SJR witer quality ohjectives for salinity as it enters the Delta.

By extension, this Program has the potential of reducing the number and/or magnitude of high quality
releases made specifically for meeting SJR water quality objectives (e.g, releases of Stanislavs River
flows from New Melones to lower the concentrations of dissolved sohds in the SJR near Vernalis).
The water thus saved can then be used lo increase streamflows during critical periods for anadremous
fish restoration eftorts. Besides chinook salmon and steelhead trout, species and species groups
benelilling from increased SJR streamflow include delta smell, longfin smelt, splittail, white and
green sturgeon, striped bass, murine/estuarine fishes, large invertebrates, and Bay-Delta aquatic
foodweb organisms.

The project will install key real-time network stations with telemetered flow and conductivity in the
Panoche/Silver Creek watershed. Conductivity data may be employed in development and monitoring
adaptive management strategies that deal with use of the lower SIR by splittail, a species that can be
impacted by high salinity al certain periods during its lifecycle. The project will enhance existing
water quality programs that monitor aguatic contaminanis (e.g., selenium and agricultural chemicals)
that may cause acute toxicity and mortality or long-term toxicity and associated detrimental
physiological responses. The discharge into the SIR of agricultural drainage high in selenium is a
serious contaminant problem in the lower SJIR basin and Bay-Delta. Selenium has caused
reproductive failure in sensitive fish species and developmcental deformities in waterfowl and
- shorebirds because of its ability to hioaccumulate within food chains in plant and animal tissue to
levels that can be toxic to higher trophic organisms,

The project’s water quality monitoring and modeling activities will increase the understanding of
activilies Lhat affect SJR water quality. This information provided by this secondary benefit can be
used to assess the impact of other management practices that attempt to reduce the pollutant load into
the tower SJR and Bay-Delta. Species and species groups benefitting from reductions in
contaminants entering the Bay-Delta are delta smelt, longfin smelt, splittail, white and green sturgeon,
striped bass, resident fish species, marinc/estuarine fishes and large invertebrates, Bay-Deltu aquatic
foodweb organisms, and waterfowl.
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Non-ecological CALFED objectives addressed by project include improving SJR and Bay-Delta
water quality for agricultural, drinking water, industrial, and recreational beneficial uses,  The project
will provide data that will facilitate the control and timing of wetland and ‘agricultural drainage to
coincide with periods when dilution flow is sufficient o achieve CALFED water quality
concentrations.

TECHNICAT, FEASIBILITY AND TIMING

The technology required for implementation of weather and streamflow forecasting at the
Panoche/Silver Creek watershed is at LBNL. The LBNL Regional Climate Center has been
successfully predicting fine-scale (12 km) precipitation, temperature, energy budgets, soil moisture,
tunoff, and streamflow in California for over five vears (Miller and Kim 1996, 1997, Miller et al.
1997; Kim et al. 1999). The RCC’s Regional Climate System Model (RCSM) consists of a pre-
processor, process models and a post-processor (Fig. 1}. The pre-processor is used to prepare input
data from land surface geographical information (Miller 1997), satellite, and other remotely-sensed
data. It has physically-based process models for atmospheric (MAS: Kim and Soong 1996), land-
surface (SPS: Kim and Ek 1995), and hydrelogic (TOPMODEL: Beven et al. 1995: Duan and Miller
1997) madeling and deep groundwater, forest-agriculture production (Amthor 1994, Tsuji et al.
1994), and river sediment transport (Dietrich el al. 1982, Brenda and Dunne 1997) models under
development. The post-processor provides output data analysis, impacl assessments, and
visualization for a range of users. The NOAA National Weather Service - Sacramento Office and
California-Nevada River Forecast Center have been using the RCSM predictions to augment their
weather and stream flow forecasts, watches, and warnings. The success of this work has led to the
establishment of the LBNL Regional Climate Center. This new Center is an umbrclla organization to
Toster collaborative research in California, The new Center has partial support from NASA/RESAC
(“Californiz Water Resources Research and Applications Center”) and DOE/LDRD (“Effects of
2x202 climate forcing on western U.S. hydroclimate using the High Performance version of the
Regional Climate Systern Model™). The goals of the Center are to provide California users with state-
of-the-art research, applications, and services related ta water resources.

The majority of the work covered in this proposal is directed at delineating the Panoche/Silver Creek
walershed, calibrating/verifying the hydrologic streamflow model, applying a to-be-developed
sediment transport model, and cxpanding the present monitoring netwark. Streamflow model
calibration will be based on available gage data at the -5 bridge and at new stations to be located
within Panoche and Silver Creeks upstream of their conflnence.

The NEPA/CEQA documentation does not apply to the proposed work, as neither the gaging station
installations or proposed medel simulations will have any environmental impact.

Timing of this proposed project should coincide with the current Real-Time Water Quality
Management projoct on the Sun Joaquin River. Critical times for operation of this system are during

the winter and spring months when signilicant sustained precipitation events can inifiate high rainfall-
runofl events und cause flooding in the lower watershed.

MONITORING AND DATA COLLECTION METHODOLOGY
Biological/Ecological Objectives
- The forecasting system described in this proposal will have direct benefits to the accuracy of water

quality forecasts in the San Joaquin River and hence are cohcrent with CALFED biological and
ecological objectives for the San Joaquin Basin.
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Monitoring Parameters and Data Collection Approach

1. Satellite weather forecast data from NWS

2. Weather data from station al highway I-3 and Panoche Road;

3. Flow at three stations (Silver Creck above the confluence, Panoche Creek above the confluence,

and Panoche Creck at entrance to lower watershed. (Panoche Creek at the 1-5 bridge has been a
USBR sponsored site since 1998 and is part of the Grassland Bypass Project monitoring
program);

4. Remote water/sediment samplers placed in creek beds and flood plains to calculate loading
factors for geologically delineated sub-watersheds:

5. Grab samples of unchannelized flood plain watcrs as {lood progresses to Mendota Pool and the
San Joaguin River, Integrate water quality sampling with current USGS water quality sampling
program as part of the Grassland Bypass Prograrn.

6. Sediment samples of flood plain and receiving canals such as the Mendota Pool and Firchaugh
delivery canals to oblain estimates of sediment selenium loading. Inteprate the data collection
program with USGS and USBR sediment sampling prograim in the lower watershed as part of
the Grassland Bypass Project.

Data Evaluation Approach

Real-time forecasts of flow and water quality parameters such as salt and selenium will be compared
with ganged and monitored data in order to assess the accuracy of the forecasts and to improve
calibration of model parameters in the rainfall-tunoff watershed model. A quality assurance plan will
be developed for all chemical analyses performed as part of this project as a check on laboratory

accuracy and consistency with USGS and USBR chemical analyses.

streamflow be
accurately forecasted
with given available
and collected data?

simulated
precipitation and
streamflow will be
compared

Hypothesis/Questio | Monitoring Bata Evaluation Comments/Data

n to be Evaluated Parameters and Data | Approach Priority
Collection Approach

Task 1. Can runoff and | Rainfall and streamflow | Measured and A good spatial

distribution of
obsetvation stations
and a sufficient time
series is requircd

Task 2. What degree of

Rainfall, streamflow,

Mass balance using

Remote stations will

for warershed

planning?

measurements.,

accuracy and reliability ] dissolved selenium, upstream and rely on land owner

can be expected from sediment-bound selenium | downstream participation for

new rainfall, runoff measurements and maintenance and

and water quality site quality occasional

monitoring sites? assurance troubleshooting,.
measurements.

Task 3. Can we predict | Suspended sediment, Compare erosion Physically based

erosion and sediment stream profiles, and sediment deterministic modeling

transport with a level streambank transport predictions | approach with

of accuracy sufficient reconnaissance with field TOPMODEL should

provide more accurate
forecasts.
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LOCAL INVOLVEMENT

Local invelvement in the proposed project is significant and will occur directly through the actions of
the Coordinated Resource Management Program (CRMP) and indircetly through the Grassland
Bypass Project. Ms Nettie Drake and Mr Morris (Red) Martin of the CRMP arc cooperators on the
proposed study. Likewise Mr Chris Eacock from the US Bureau of Reclamation, who also serves on
the Data Reporting Team of the Grassland Bypass Project, is a cellaboralor on the project.

The CRMP was formed in 1989 and comprises ranchers and landowners in the Panoche/Silver Creck
watershed, local water conservation district personnel, agency personnel from State and Federal
resource agencies, representatives from the City of Mendota and engineering consultants, In 1995,
the CRMP was awarded an EPA 205) grant to perform an erosion and sedimentation study and. to
identify the major sources of sediment and sediment seleninm discharged to the lower watershed
during large storm events. This basic reconnaissance work was successful in creating a serics of
useful GIS maps and in identifying streambank crosion as a major contributor to sediment load
during Targe flood events. The siudy also recognized the acnte nced for improved monitoring of
rainfall and flows within the watershed.

Since the publication of the report the CRMP has revitalized interest in the Panoche-Silver Creek
watershed, aided in part by the three years of hydrologically wet vears and the dramatic winter
floeding events in the E1 Nino year of [998. Much of this revitalization of interest can be associated
with the appointment of Ms Nettie Drake as the full-time coordinator of the CRMP for the past 3 172
years. Ms Drake has been active completing on-the-ground erosion and sediment control projects in
the upper watcrshed. She is developing clinics through California State University, Fresho and
helping to secure funding for the US Bureau of Reclamation and the Bureau of Land Management for
the installation of a tlow ganging station on Panoche Creek at the I-5 bridge. Ms Drake's role in the
proposed project will be to develop landowner involvement in the maintenance of newly installed
monitoring stations in lthe upper watershed,

The Grassland Bypass Project (GBP) is a multi-year experimental program to help control seleniom
discharge to the San Joaquin River from agricultural water districts within the 100,000 acre
Grassland watershed. Flood flows from the Panoche/Silver Creek watershed introduce hundreds of
pounds of dissolved selemium and tons of sediment-bound selenium o the lower watershed, adding
to and complicating the accounting of selenium drainage in the GBP. The Panoche Water District,
which is the lead local agency, involved in the GBP, has cndorsed the project proposal because of the
premise of improved accounting for selenivm discharges from Panoche/Silver Creek during storm
events and for the capability of producing runoff forecasts. With accurate runoff forecasts (he
Panoche Water District and other affected waler districts will have time to alert their growers of
poteniial flooding and will have time to make arrangements with the Grassland Water District for
conveyance of these flood flows through the wetland channels that they operate.

Additional letiers of endorsement are attached fo this proposal.
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859810-

86981 0—

14-Apr-99 -

‘Lawrence Berkele} National Laboratory

Real-time I'orecasting of Contaminant Loading from the Panoche/Silver Creek Watershed to the San ]oaqum River
(Principal Investigator - N, Miller)

Taple 3 - Total Budget

Task Direct Direct Service Materials Miscellaneous | Overhead Total
Labor Salary and Contracts and and other and Indirect ~ Cost
Hours Benefits Acquisition Direct Costs Costs
' Costs -
(inc. subcontract)

Task 1 1348 111,872 1,094 11,600 58,018 162,584
Task 2 1348 76405 127,230 11,500 49,054 264,189
Task3 350 43,458 97,326 11,500 20,321 . 181,605
0 0 Q 0 0
J 0 0 0 0
Totals d4b 231,735 225,650 34,600 136,393 628,378




659810

66981 0—

Tawrence Serkeley Mational Labotatory
Real-fime Forecasting of Contaminant Loading from the I'anoche /Sitver Creek Watershed ko the San joaquin River
(Principal Investipator - N. Miller)

Table 4 - Quarterly Budge{
Task Quarterly Cuarterly Quarterly Cuarterly Quarterly Quarterly Quarterly Cuarterly - Total
Budpet Budyzet Budget Budget Hudget Hudget Budget Fudget Budget
Oct=Dec9 | Jan=~Mar 00 | Apr-Jun00 | Fil=Sep(l | Oct=Decl Jan - Mar01 “Apr-Tan 01 [ Jul - Sep 00

Task 1 20,833 - 22,823 22,823 22,823 22,823 22,823 22,823 24,813 182,584

'ask 2 6,800 13,600 48,000 68,045 33,024 35,850 23,785 _ 35,088 264,189

Task 3 3,500 10,600 36,673 20,800 17,337 17,895 4(1L3X) 40,300 181,605
g
0

T otals 31,133 47,023 101,485 111,668 73,184 76,568 85,908 100,308 628,378



Attachmeh! E

OMB Approval No. 0348

BUDGET INFORMATION Non-Canstruction Programs

Estimatad Uncbligated Funds

New or Revised Budgel

Catalog of
. ; Federal
Grant Program l(::;lcnon or Activity Domes'tic .

Assistance : Nen-Fedaral | .-

MNumber (b} Federal @ Non-Federal (d) Fogeral (e) 6] * Totd (g) -
1. ¥Water Quality $628,378 $628,378
5 T
3. $0
4. 30
5. 30

$ 628378

RaM FUNTION QR ACT\VI

7. gle

GRANT PROG
) 2k )] “ _Total (5)
a. Personnel $ 151,885 ’ o . B 151,985
5. Fringe Benefits b 45,236 B 45236
c. Travel $ 30,000 b 30,000
-|d. Equipment $ 100,000 5. 100,000
&. Supplies % 3,000 b 3,000
i, Conractua! % 108,000 $ 108,000 |
lg- Construction $ - e
h. Cther ) § 4 60O % 4,600
1. Total Direct Charges {sum of 6a-6h) $ 442821 b 442 821
j. Iridiract Charges ) $ 185,557 $ 185,657
S 62 $ % - b 628,378

Provious Edition Lsable

Authorizad for Local Reporduction
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Attachment E

-(a) Girant Frogram {b) Applicant D Stata (d) Gther Soutces, {a) TGTALS
8.Water Quality ' $ - {$ s&28378 $ 628,378
> 4
10.
1.

12. TOTAL {sum cf lings 3-1.1)

13. Faderal

$ 281,320 | $ 31,133 ] 8 47,023

628,378

$ 101,496 | § 111,668

14. Non-Federal

% .

15, TQTAL

{a) Grant Program

FUTURE FUNDING PERIODS {Year:

. 111,663

|21. Direct Charges

: (b} first @ Second (¢l) Third {a} Faurth
16. Water Quality $ 179,682 | $ 296520 | § 187.308

17. )

18.

19. .

20. TOTAL {sum of linas 16-18) § 170,652 | § 206,520 % o187 08 | $

Organizativnal Burden 17.5%

22. Indlrect Charges

23. Ramarks

Caleulatad on labor and fringe
beneafils costs

Provisional

Authorized for Local Reproduction
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TASKS:

. Modeling-hydrologic calibration/verification for the Panoche/Silver Creek walershed (LBNL)

.1. Measurc available rain gauge and stream gauge data.

2, Perform model integration and continue to improve the hydrologic model calibration, verification
and analysis.

1
1
1

2. Expanded Monitoring Network — install two rain gauge and two tlow gage stations .

2.1. Select optimal flow and rainfall ganging sites after watershed reconnaissance. (MFG, CRMP,
LBNL)

2.2. Tnstall automatic rain gauges and telemetry stations at selected sites (evaluate potential for
rehabilitating station at [ridria (IDR) - (LBNL, MFG)

2.3. Install flow moniloring stations at selected sites - delermine appropriate sensor technologies o
employ. (LBNL, MFG)

2.4. Develop data quality assurance plan and work with CRMP and local landowners to obtain local
participation and involvemenl in monitoring site maintenance. (LBNL, CRMP)

3. Erosion and Sediment Transport - Water quality sampling, tracer studies, and erosion studies,

3.1. Develop a monitoring plan and a quality assurance plan in conjunction with USGS, USBR and
BLM 1o coordinate activities and avoid duplication of effort. Allocate resources to ensure that all
major runoff events will be covered for watcr. (LBNL, MFG, CRMP, USGS, USBR)

3.2. Quality and sediment sampling: Sample significant runoff everts - collect sediment and water
samples for rising and falling limbs of storm hydrograph for Se analysis. (MFG, LBNL)

3.3. Use isotopic analysis of water and sediment samples to eslimate partitioning coefficients between
dissolved and solid Se phases, (MFG, LBNL)

3.4. Calibrate sediment erosion madel using llow records and sediment turbidity data obtained from
individual storm events. (MFG, LBNL)

COST-SHARING

The proposed project will benefit dircetly from the LBNL Regional Climate Center. Within the
Center, is a California Water Resources Research and Applications Project funded by the
NASA/RESAC Program. Activities at the Center include simulated hydroclimate products at short-
term (2-3 day), seasonal, and long-term (downscaled 2xCO2 scenarios) time scales. The Regional
Climate Center directly supports approximately $60,000/year of research and applications associated
with precipitation forecasts over the Panoche/Silver Creek watershed at fine-scale.

The USBR provides funding to the USGS to maintain a flow monitoring station at the -5 bridge
Panoche Creek. The cost of this monitoring this station and monitoring water quality during episodic
storm events is $75,000/year :
Local landowners that we anticipate maintaining these sites will provide approxjinately the equivalent
of 825,000/year to maintain the monitoring sites.

Annual Cost Sharing:

LBNL £60,000
USBR $75,000
Local Partipation $23,000
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APPLICANT QUALIFICATIONS

NORMAN L. MILLER, Ph.D. is the Head of the Berkeley National Laboratory — Regional Climate
Center. His primary intcrests are global and regional climate and weather processes, numerical code
development, and sensitivity analyses [or atmospheric, hydrological and biophysiological phenomena
at a range of temporal and sparial scales. Miller has degrees in Engineering Science (Civil and
Envirenmental) and Meteorclogy (Ph.D. 1987). Miller has been a DOE National Laboratory Scientist
for over 10 years and has worked in the University of Wisconsin-Mudison Water Chemistry Program
for 3 years. He is cumently thc Principal Investigator for the NASA Regional Earth Seience
Applications Center: ‘California Water Resources Rescarch and Applications Center’” (11/1998-
present); Principal Tnvestigator on 2 NASA Mission to Planet Earth Projoct, 'Global Climatic Impact
on Regional Hydro-Climate and its Effect on Southeastern Asian Agro-Ecosystems' (10/96-Present);
Partner Chicf Investigator on the Australian Research Council Intemational Project, ‘Impact of
Seasonal Variability on Hydrological Processes at Regional and Catchment Scales’” (10/97-present);
Co-PI on the DOE Project, ‘Sensitivity of Southwestern U.S. Hydroclimate to 2xCO2 Climate
Forcing’ (10/98-present); Co-PI on the U.S. National Asscssment — California Region. In the context
of this Project, Miller brings precipitation and streamflow modeling expertise. His cutrent
collaboration with Prof. Dietrich (UC-Berkeley Geology and Geophysics Dept) is focusing on
crosion and sediment transport research and applications.

NIGEL QUINN, Ph.D. P.E. received a BSc (Hons) in imigation engineering and hydralogy from the
Cranficld Institule of Technology in England and spent the early part of his career as an irrigation
engineer for Tate and Lyle Inc. designing and troubleshooting irrigation systems in England and in
Africa. He left England for Towa in 1978 where he taught agricultural water management, rural waler
supply engineering and surveying courses for three years, sarning an MS in Agriculural and Civil
Engineering and conducting research in soil erosion under crop canopy. In 1981 he took a position at
Cornell University where he worked on various projects ranging from earthworm vermicomposting,
pesticide model development and water supply and sanitation policy in developing countries, co-
tanghr classes in surveying and computer programming and earned a PhD in ¢ivil and environmental
engineering in 1987, He then joined the San Joaquin Valley Drainage Program, tetaining a faculty
affiliation with Cornell, and look responsibility for development of groundwaler and drainage models
to support the Drainage Program's planning effort. With the sunset of the Drainage Program he has
continued his work with the US Bureau of Reclamation dividing his time between monitoring efforts
in support of the Grasslands Bypass project, development of real-time forecasting tools for the San
Joaquin River and selenium fate and transport research projects. He has been affiliated with Lawrence
Berkeley National Laboratory for the past 8 vears. Nigel is the author of over 50 publications and
reports on various aspects of water resources and drainage engineering,

MORRIS (Red) MARTIN is the Manager of the Westside Resource Conservation District. He is a
certified Professional in Erosion and Sediment Control from the Soil and Water Conservation Society
and the International Erosion Control Association. Martin worked at the Soil Conservation Service
for 32 years and retired as the Area Conservationist for the San Joaquin and Eastern Califoria. He
has been the Manager of the WRCD for 9 years and bas administercd 11 state and federal grants.
Martin brings extensive historical knowledge of the Panoche/Silver Creek watershed and San Joaguin
Valley to this Project.

FRED CHARLES, PE, PhI). was the lead investigator and overall project manager for the
Panoche/Silver Creck Watershed Assessment (1998) and is intimately familiar with the watershed.
He has over nine years of professional cxperience in environmental consulting related to upland,
riparian, and wetland vegetation establishment and habital restoration; sediment control BMP
evaluation and design; hydrology; stormwater hydraulics and control; and seil quality assessment.
Dr. Charles has developed and successfully implemented plans for site remediation, sediment control,
and establishment of vegetation in disturbed areas, He has also conducted watershed assessments.
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Dr. Charles proficiently models hydrologic, hydraulic, and non-point sourve processes through the
use of existing models or by developing computer code to simulate specific unique situations, He is a
registered professional engineer (civil) in California, Colorado, and Idaho. Dr. Chatles is an affiliate
faculty member at Colorado Stale University.

BRENAN ANNETT has considerable experience with biological monitoring and  habitat
characterization in wetlands, streams, rivers, lakes, and estuaries. He has worked on projectst
throughout the United States for university research groups and state natural resource mahagement
agencies. He has experience assessing habitat usage by fish and invertebrates, and has been involved
in evaluation of the effectiveness of dam bypass systerns for fish. His work has included assessing
stream rcaches for habitat suitability as well as preparing and conducting salmonid spawning surveys
in coastal watersheds. He has experience working with coordinated multiple stakeholder watershed
planning programs, including the Oregon Coaslal Salmon Resteration Tnitiative. He contribuled to
the evalyation of sedimentation and best management praclices (BMPs) for erosion controd in the
Panoche/Silver Creek Watershed Assessment (1998).  He has assisted with ecological risk
assessment in wetland and terrcsrial environments. He is currently assessing environmental
information related to the Natural Resource Damage Assessment (NRDA) claims in the Coeur d'
Alene River Basin in notthern Idaho. His responsibilities there include evaluating habitat relationships
among aquatic species in that watershed, Mr. Annett regularly paricipates in the Panoche/Silver
Creek CRMP and Westside Resource Conservation District meefings,

NETTIE R. DRAKE, has been the full time coordinator for the Panoche/Silver Creek CRMP for the

past three and half years. During this time, the CRMP has completed a set of by-laws, goals for a
Plan of Work, ohtained a 205(j) grant for a sedimentation study completed in November 1998 and
four grants for the continuous support of a full time coordinafor, Drake completed on the ground
prajects with landowners for erosion and sediment contral programs. She developed three Clinic
projects through the California State University, Fresno, School of Agricultural Sciences and
Technology, funded for the construction and aperation for the last two years of a gaging station on
Panoche Creek al the Intorstate 5 bridge. She also established a positive public image and support
from local, state and federal agencies and legislators.

CHRIS M. EACOCK is a Soil Scientist/Natural Resources Specialist with the US Bureau of
Reclamation in Fresno. Chris has extensive experience with developing environmental documentation
and has worked on a variety of projeets in the Grasslands Basin including Panoche/Silver Creek for
more than a decade. Chris is a member of the Data Reporting Team of the Grassland Bypass Project
and has assisted in the installation of remote telometry stations for flow and EC monitoring. He also
serves as the US Bureau of Reclamation representative on the CALFED- sponsored Real-Time Water
Quality Management project on the San Joaquin River,
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Stanislaus River Real Time
Temperature and EC Monitoring
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THE REGIONAL CLIMATE SYSTEM MODEL

DIOBRETO TS

Predictions and
Climate Impacts
Assessments

oan  peen  sewm bead ouod wd

Weather (QPF),
Soil Water Content,
River Flow,

Watarshed-Scale
Hydraclogy, .

Climate Trand and
its Variability,

Watar Resources,
Crop Aasponsses,.
Ecological Impacts,

Environmental
Impacts, ETC.

Fig. 2. The RCSM consists of a pre- and post-pracessors nesting a suite of process models. The pre-
processor prepares inpul data from land surface geographical information, satellite, and other
remotely-sensed data. Process models include physically-based atmospheric, land-surface, and

hydrologic models and developing codes for deep groundwater, forest-agriculture production, and
river sediment wansport.
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Quantitative Precipitation and Streamflow Forecasts (Hopland, Russian R.)
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Fig. 3 The RCSM has successfully predicted 48-hour precipitation and streamflow flood stage
(magnitude and timing) at the Hopland Gauge along the California coastal Russian River.
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The Panoche/_Silver Creek Watershed
(USGS 1:125000 DEM)
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Lawrence Berkeley Laboratory
1 Cyelotron Road  Berkeley, California 94720

(510) 486-4000

NIGEL W.,T. QUINN, PiD, P.E>
EARTH SCIEXCES DIVISION
PHONE: (310) 486 7056 FAX: (310) 486 7152

March 30, 1999,

Ms. Lydia Beiswanger, Chief Deputy
Merced County Bourd of Supervisors
2222 M Sireel

Merced, CA 95340.

Dear Ms. Beiswanger:

This letter is to inform you of our intent to submit a proposal to the CALFED Bay-Dclta
Program entitled *Real-Time Forecasting of Contarninant Loading frem the-
Panoche/Silver Creek Watershed to the San Joaquin River”. This a joint proposal with
the Panache/Silver Creek Coordinated Resource Management Committee, a grass-roots
organization comprising local landewners, State, Federal and local agency personnel.

Accurate foreecasting of flood flows will provide an early warning to the Grassiand Area
Farmers allowing more time to plan emergency response plans to thess flooding events.
Flooding of farm land during 1997 and 1998 averwhelmed the resources of the
agricultural water districts in the Grasslands B3asin to contain these flows. The effect of
these flood flows on water quality in the San Joagquin River has not been quantified
adequalely to asscss the impact on River assimilative capacity for sclenium, boron and
TDS. The monitoring associated with this project will help to improve this deficiency and
will help to improve the accuracy of water quality forecasts made by the carrently
supported CALFED Real-Time Water Quality Managcment project on thc San Joaguin
River.

We believe that successful completion of this study will be of great benefit to landowners
- and water district personnel in the Grassland watershed of Merced County.

Sincerely,

Nigel W.T. Quinn®

Geological Scientist
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PANOCHE WATER DISTRICT

52027 WEST ALTHEA, FIREBAUGH, CA 93822 « TELEPHONE (209) 364-6136 » FAX (209) 364-6122

April 7, 1899

Dr. Nigel W.T. Quinn
Lawrence Berkeley National Laboratory
1 Cycloiron Road. 70A-3317K

- Berkeley, GA 94720

Subject: Panoche Water Disirict Support for CALFED Grant Proposais

Dear Dr. Quinn:

The Panoche Water District has a long history of supporting innovative drainage reduction
strategies on the west-side of the San Joaquin Valley. As a participant in the Grassland Bypass
Project the water dislrict has investad millions of dollars in the past 3 years to improve monitoring
and increase confrol over subsurface tile dralnage leaving the water district. Significant
reductions in selenium loads contained in these discharges have been necessary to meet the
strict selenium load imils imposed by the Project.

The CALFED proposal entitied “Real Time Forecasting of Contaminant Loading from the
Panoche/Silver Creek Watershed to the San Joaquin River” that you are submilting cooperatively
with the Panocha/Sitver Creek Coordinated Resource Management is of great interest to the
District, - Rainfall-runoff from the Panoche/Silver Creek watershed caused flocding to farm land
during 1997 and 1998 and overwhelmed the rasocurcas of the District to contain these flows.
Acourate forecasting of flood flows will provide an early warning to the Grassland Area Farmers
allowing more time to plan ermnergency response plans to these flooding events. Successful
completion of this study will be of great bensfit to landowners and water district personnel in the
Grassland watershed.

Sincerely,

Dennis Falaschi
General Manager

Board of Directors: M:.ke Linneman, President » Edward Koda, Viee-President + Michael Stearns, Secrefary
Suzannc Redfern + John F. Bennet: « Dennis Falaschi, (feneral Manager
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Cabfomu Natural Resource Foundaﬂon -

. 1151 Kadow Avenue, Avwater, Caliloszia 95301 .
Phom, (208} &5&9025 Cellular: (200 7612563 - Fax: (209 725—3831 Emal: lnm{x@c].lte‘net

‘Saturday; March 20, 1999

Mr. Earle Caomimings, Chairman

Water Quality Subcommitice

San Joaquin River Management Program
Department.of Water Resourccs _
3251 S Street, bacra.mcnl.o, CA 895816

Snbjcct: CNRF Support for CalF_cd'Grant Proposals -

Dear Mr. Cummings:’

"T'he Califorma Natural Resources Foundation is-a charitable noh-profit charitable
Foundation and. supports a broad array of projects to benefit the préservation of productive natural
systems. Recent projects we have supparted or facilitated include wetland restoration at the Castle
Land and Catde: Co. and mitigation banks n the Merced area and the Suisun Marsh. We are
working with ititerested parties in Merced and other San Joaquin Va.lley cities to use constructed:

- wetlands to improve the quality of discharges from municipal wastewater (reatment. plants.

We support your Subcornmitfce’s grant propesals to CalFed, and have commitments from our -

- board members (o assist in your proposal. Our board includes members with skills in finance, habitat

development, cominunity relations, State and Federal Contract Managernent; and regulatory

cotupliance. ' We have a cooperatwe agreemenl in place with the California 'Warteifow] Association

" - for prajects that require enginicering of water m;magement structures. We are very interesteid in your
proposals: ' :

1. Yo develop understandmg and nnpmved management of water quahty and wctlands in tht'
Grasstands; and-
-2. The Panoche-Silver (’reek Coordmatcd Resource Mauagcmcm elfort 1o address sednnent and’
trace elements reaching the San Joaquin River {r oI west-side tnbut;mcs.

The CNRF appmciatcs the invitau'on to-support these projects,-an_d we are pleased o provide our
endofsement for the grant proposals. If a grant is offered for thesc projcets, we.can offer our services
“to accept and disburse grant finds, provide technical assistance in habitat evaluation or development
work and in community outrcach. We are particularly interested in opportunities 1o involve First
Nation’s people in habitat work, and Board member. Mi\e Harmnar, through his posmon wmb the -
Rural Indian Health Semces, has hrtks and conticts to mmake that happen, ' '

.

You can conlact ;_m: at. (209) 358490_26. We look. Ebrward_ o hclpin‘g,car_ry out these prqjécts. —
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SUMMERS £NGINEERING, Inc,
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2 e
ROGER L. REYNOLOA HANFORD, CALIFQRAIH 93237
Eftlan o, SKAGGS TELECOFIEL
SCOTT L. JACOmRI SN Go= saz-74aw

April 13, 1993

Dr. Nigel W.T. Quinn

LAWRENGE BERKELEY NATIONAL LABORATORY
1 Cyclotron Road, 70A-3317K
Berkeley, CA 94720

SUBJECT: Grassland Area Farmers Support for CALFED Grant Proposals
Dear Dr. Quinn:

The Grassland Area Farmers have a long history of supparting innovative
drainage reduction strategies on the west side of the San Joaquin Valley. As the
proponent of the Grassland Bypass Project, the Grassland Area Farmers have
invested millions of doflars in the past 3 years to improve monitoring and
increase contral over subsurface tile drainage leaving the area. Significant
reductions in selenium loads contained in these discharges have been necessary
to meet the strict selenium joad limits imposed by the Project.

The CALFED proposal entitied “Real-Time Forecasfing of Gontaminant Loading
from the Panoche/Siiver Creek Watershed 1o the San Joaquin River" that you are
submitting caoperatively with the Panoche/Silver Creek Coordinated Resource
Maragement.is of great interest to Grassland Area Farmers. Rainfall-runoff from
the Panoche/Silver Creek watershed caused flooding of farmiand during 1997
and 1986 and overwhelmed the rescurces of the drainage area to-cortain these
flows. Accurate forecasting of flood flows will provide an eatly warning to the
Grassland Area Farmers allowing more time for amergency response .plans to
deal with these flooding events, Successful completion of this study will be of
great benefit to the Grassland Area Famers in the Grassland watershed.,

Sincersly,
. ‘
Yas ¢ m

Joseph C, McGahan
Drainage Coordinator for the Grassland Area Farmers

JCM/p
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REAL-TTIME MANAGEMENT OF WATER QUALITY IN THE
SAN JOAQUIN RIVER BASIN, CALIFORNIAL

N.W. T Quinn and J. Karkoski?

ABSTRACT: In the San Joaquin River Basin, California, a ral-
time water quality forecasting madel was developed to help
imprave Lhe management of saline agricultural and wetland
drainage to meet water quality objectives. Prodicted salt loads from
the water qualily forecasting model, SJRIODAY, were consistently
within £ 11 percent of actval, within = 14 pereent for seven-day
Torecasts, and within £ 26 percent for 14-day ferecasts lor the 16-
month trial perivd. When the 48 days dominated by rainfallmnofT
cvents were eliminated from the data sel, the crror bar decreased
o 9 percent for the model and + 11 percent and + {7 percent for
the seven-day and 14-day forecasts, respectively. Canstrninls on the
use of the medel for salinity mansgement on the San Joaquin River
inchide the number of entities that control or influcnce water guali-
ty and the lack of a centralized authority to direct their uctivities.
The lack of real-time menituring sensars for other primary con-
slituenly vl concern, such as seloajum and beran, limils Lhe appli-
cation of the model to salinity al the present time. A case study
describes wetland draivage releases scheduled to coinclde with
high river fiows and significant river assimilative capacity for salt
loads.

(KEEY TERMS: wster quality; real-time management; salts;
drainage.;

INTRODUCTION

Real-time water quality management requires
techniques that update the state of knowlcdge of a
system continuously and allow aclions to be taken to
meet water quality objectives. Such technigues are
being develeped for the San Joaquin River Basin of
California to promete veluntary compliance with gtate
water quality objectives for priority pollutants such as
selenium, boron, and total dissolved solids.

The techniques required to colleet and transmit.
flow and stage data are well established. [n Califor-
nia, public water agencies such as the Department of

Water Resources (DWR), the 11.8. Burean of Reclama-
tion (USBR) and the U.8. Geological Survey measure
flow and stage routinely for a varicly of applications.
Only the California Data Exchange Center (CDEC), a
department within the DWR, provides river stage and
Noud warning information on a real-lime basis. The
major ¢clients of this system are local and state agen-
cies concerned wilh flood management and the provi-
sion of emergency services, Agencies such as the US
Army Corps of Engineers use this informalion to
determine reserveir release schedules during high
runoff periods. The real-time waler quality manage-
ment system under development for the San Juaguin
River Basin takes advantage of some of the features
of the existing hydrologic data acquisition and fore-
casling programs. Unique aspects of the real-time
water quality management system that are not ropli-
cated hy enrrent programs are:

1. Use of water guality sensors: currently only EC,
tempersture, and pH are continuously logged,
although a greater number of constituents of concern
within California’s river systemas.

2, A continuous and integrated system of data
error checking and validation because the daia are
uzed for regulatory purposes.

3. Addition of control systems that can be used to
manage agricultural and wetland drainage water flow
and water quality.

4. Institutions that coordinate aclivns and respons-
es of regmlators, aperators, and other public and pri-
vate entities.

1Paper No. 97053 ol the Journal of the American Waler Resources Ayspeiction, Discussions are open until August 1, 1999,
2Respectively, Slall Geological Seientist, Lawrence Derkeley Nationa! Laboratory 70A-3317K, Berkeley, California 94720; srd Environ-
menin] Engineer, U8, Envirenmental Protection Ageney, oo State Water Resourees Control Beard, 901 P Strect, Sacramora, Calilornia

46814 (E-Mail/Quinn: nquinn@mp405a.np.usbr.govi.
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BACKGROUND

The San Joaguin Hiver drains a basin of approxi-
mately 34,560 square kilometers. Runoff from the
basin is dominrated by snowmelt and rainfall from the
Sierra Nevada Range and its foothills to the east of
the San Joaquin River. The three east-side tribu-
taries, the Merced River, the Tuolumne River, and the
Stanislaus River, provide the majority of the flow in
the San Joaquin River (Figure 1). The predominant
land use in the San Joaquin River Basin is irrigated
agricalture. Irrigated agricuiture on the west side of
the Basin is supplied predominantly by imported
water from the Sacramento-San Joaquin Delta,
whereas the easi-side tributaries and ground water
provide the majority of the water supply to the east
side of the Basin.

From a water quality point of view, the discharges
from the Grasslands Basin are of particular interest.

The Grasslands Bagin is a hydrologic unit situated
west of the San Joaquin River, bounded by Westlands
Water District to the south and State Highway 140 to
the north, that naturally drains to the San Joaquin
River. The soils in the Grasslands Bagin are naturally
high in salts and of lew permeability. The low
permeability combined with the importation of water
has resulted in a shallow groundwaler table. To main-
tain productivity, the installation of artificial drainage
is necessary in low-lying agrienltural areas. Drainage
produced from a 11,000 heclare agricultural arca in
the southern part of the Grasslands Basin [hereafter
referred to as the Drainage Study Area (DSA)] con-
tains high concentrations of certain tracce clements
and soluble salts that are harmful to fish and wildlife.
The primary constituents of concern are salt, boron,
and sclenium.

In addition to discharges from the DSA, surround-
ing wetland areas also contribute a significant salt

San Joaquin River Basin

i Tuolurml

R Vernalis

g Rivet

Crows Landing

Grassiands Basin

Drainage Problem Area
(90,000 acres)

Mendota Fool

Figure 1. The San doaquir River Basin Showing the Cutline of the Grasslands Basios
and the 41,000 Heetare Drainuge Prohlem Area (DSA).,
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Real-Time Munogement of Waler Quality in the San Joaquin River Basin, Califoraia

Joad to the San Joaquin River during the spring
months (Grober et ai., 1995). The combined dis-
charges from the agricultural lands and wetlands is
conveyed through a system of canals and natural
streams to the San Joaguin River. Figure 2 shows
that the salt load contribution to the River from Mud
and Salt Sloughs, which contain return flows from
both agricultural and wetland arcas in the Grass-
lands Basin, is high rclative to other tributary sources
of salt in the San Joaquin River Basin. Dilution of the
puor qualily discharges from the Grasslands Basin is
provided by the east-side tributaries. Flows in the
east-side tributaries are regulated to 4 large degree
by upstream reservoirs which, in turn, are operated
aceording to predetermined rules and release sched
ules. These rules and release schedules account for
flood storage, fish migration, irrigation, hydropower,
water quality control, and recreation.

In econtrast to the high degree of regulation and
control of east-side tributary flows, the discharge of
pollutants from the DSA has historically been unreg-
ulated and uncontrolled. Sump pumps associated

with subsurface agricultural drainage systems are
designied to turn on automatically when waler reach-
es a set level in the sump. Hence, the pattern of dis-
charges from agricultural lands generally mirrors the
irrigation season. In contrast, surface drainage dis-
charge from seasonal wetlands oceurs in early spring
between February and April, Some control of the
scheduling of the seasonal wetland drainage can be
exercised by wetland managers, although these
schedules are determined Lo a large extent by habitat
requirements and local management preferences of
privately owned duck clubs.

The Liming of the discharges of dissolved solids and
trace clements from the DSA and the timing of reser
voir releases are such that the assimilative capacity
of the San Joayuin River is often exceeded al the
compliance monitering locations. Opportunities have
been identified for adjusting the timing of discharges
and reservoir releases {A. Hildebrand, 1889, Letter
senl Lo Ed Imhoff, Program Manager, San Joaquin
Valley Drainage Program [1985-1990}, Sacramento,
California). The practical constraints to making such

500 . B . .

g ‘ | W Surface return tlows i
S 2000 - - — ‘
7z : i
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Figure 2. Salu Loading to the San Jeaguin River From Vurious Sources.
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Quinn and Karkoski

adjustments have not been thorcughly explored
{Karkoski et al., 1995a). By making such adjustments,
temporal variations in water guality can be mini-
mized, and the frequency of violation of water guality
ghjectives can be reduced. A real-time water quality
management system, along with pollutant load redue-
tion, could allow continued discharge of salt from
agricultural lands and wetlands while minimizing the
impacls on the San Jeaquin River and climinating
violations of water quality objectives.

REAL-TIME WATER QUALITY MODELING
IN THE GRASSLANDS BASIN

Previous real-time water quality modeling efforts
in the Grasslands Basin have mostly focused on
screening-level assessments of operational consgtraints
on, and oppertunities for, agricultural drainage dis-
charges. The U.S. Burcau of Reclamation (USBR)
developed a sophisticated planning model that consid-
ered several alternatives o meel selenium and boron
water quality ohjectives in the San Joaquin River
{Quinn, 1993; Quinn and Delamore, 1994). The alter-
natives congidered were irrigation improvements,
drainage water reuse, land retirement, and the use of
holding reservoirs to regulate the release of drainage
toc the Hiver. These alternatives were optimized to
minimize the size of the regulating reservoirs and to
ensure that the constraining water quality objective
{selenium or boron) was not excceded. The resulls of
the modeling analysis suggested that with invest-
ments in drainage reeycling facilities and the con-
struction of regulating reservoirs with & Lolal capacity
of 4.3 millien cubic meters, water quality objectives
could be met at all times (USBR, 1991). The TJSBR
model assumed perfect forecast and response to
receiving water assimilative capacity and that the
water quality of irrigation water and groundwater
pumpage remained constant during the simulation
period.

Another screening-level model developed by the
Central Valley Regional Water Quality Contral Board
(CVEWQCB) (J. Karkeski, 1995 unpublished analy-
sig) congidered the effects of load reductions and
model and response errors on the sizing of regulating
reserveirs. Model and response errors were expressed
hy allowing only 80 percent of the available assimila-
tive capucity to be used. When evaporation effects
were considered, the storage size required for regulat-
ing reservoirs was found to be 26.8 million cubic
meters. The large difference in regulating reservoir
volume (4.3 vs, 26.8 million cubic meters) is a function
of the different assumptions made in the two model-
ing approaches. In the case of the USBHR model, the

JAWRA

full assimilative capacity of the river was available
and ne annual selenium load cap was imposed;
whereas the CRWQOCDB model assumed suboptimal
use of the assimilative capacity and imposed the
CRWQCB Basin Plan’s annual selenium discharge
lead cap of 3,624 kg (CVEWQCB, 1996). The
CRWGCB model also assumed that a mean annual
discharge of selenium from the agricuitural water dis-
tricts Lo the San Jeaquin river was 2,945 kg, Although
the above models differed in certain assumptions, the
premise shared by both models was that regulating
reservoirs could be constructed and managed Lo
regpond to real-time conditions in the San Joaquin
River.

In contrast, the analysis used by the CVRWCB in
developing i1ts control plan for selenium was based on
a modilied EPA load selling methodology (Karkoski
et al., 1995b; CVRWQCE, 1994) which assumes
extremely limited ability to forecast, and therefore
respond to, available assimilative capacity. The
monthly flow record (1970-1991) was divided into
eight flow regimes which differed based on watcr year
type (dry and wet) and zeason. The selenium effluent
limits were set for the low flow conditions in cach flow
regime (guasi-steady statel to meet an “allowahle”
rate of violation — once every three yvears as allowed
by federal regulation.

Table 1 compares the annual allowable selenium
load from the CVRWQCB analysis for dry years and
wet years, under dynamic {real-Lime) versus guasi-
steady state modeling assumptions. It is clear from
Table 1 that the advantages of using a real-time sys-
tem are significant Lo the discharger allowing a
greater selenium load to be discharged, annually,
without vielating selenium concentration objectives,

TAELE 1. Compariscn of Real Time and
Quasi-Static Selenium Load Limits.

Wet Year Se Dry Year Se
Lond (kg) Load (kg)
Quasi-Stalic 1404 455
Dynamic (Real-Time} 3364 2105

Operations Models

Although the sereening level models point to polen-
tial advantages of adopting a real-time water quality
management system, the actual oppoertunities
presented by such a system can only be evaluated
with the development of an operations model. An
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Real-Time Management of Water Quality in the San Joaquin River Busin, California

operations model ig inherently more dats-inlensive
than a screening or planning model.

The literature contains many examples of water
related prohlems that have been addressed fully or in
part through real-tirne data acquisition, information
dissemination and operational control. Much of the
literature describes the general field of optimization,
dynamic programming, and optimal control Lheory.
The efforts of these researchers highlight some of the
challenges and potential solutions in the development
of a real-time water guality management system for
the San Joaquin River.

Krajewski et al. (1993) considered the real-time
oplimal control of pewer plant cocling water dis-
charges. The effect of a sinple major dischurge (power
plant cooling water return flow) was simulated, along
with ambienL hydrometeorological conditions to deter-
mine compliance with the temperature standard 20
km downstream. A thermal model was used in con-
junction with an optimization model; the optimization
model minimized losses when the power plant was
unable to generaie power at a potential level and
imposed penaltics for violating the temperature stan-
dard. The less function was stochastic in nalure since
it was dependent on the thermal model — the thermal
model forecasted hydrometcorological conditions
based on assumptions of initial and boundary condi-
tions, Krajewski et al. (1993) were able to determine
the effect of errors in forecasted hydrometeorological
condilions on model error and the calculated net hen-
efit,

Novotny et al. (1992) investigaled the challenges of
applying # real-iime management and control system
to wastewater treatment plants. Treatment planis are
often designed based on assumpticns of steady-state
concentrations of influent to the treatment plant and
ellluent concentrations from the plant equal to allow-
able water quality standards. Novotny et al. (1992
suggested that a treatment process control and man-
agement scheme be adaplive, predictive, and cfficient,
Such a management model should be able to adapt to
variations in input, able to forecast input chauges,
and be efficient by Hmiting idleness of plant units and
the discharge of untreated waste. Storage was sug
gesied by Novotny ef ¢f. (1992} as a buffer against
temporal variations in assimilative capacity of the
receiving water. Model features included an assess-
ment of trealment plant output to the environment,
response of the environment to the output and opti-
mization of the system to maximize efficiency.

Krajewski et al. (1993) demonstrated that model
errors due to lack of information on hydrodynamic
parameters such as channel geometry, poorly under-
stood processes such as ground water inflow, and lack
of inputl data such as wetland and agricultural return
flows can have a significant impact on the henefits

JousnaL oF THE AMERICAN WATFE RESOUHCES ASSOCIATICN

realized from a real-time water quality management
system. Novotny et al. (1992) suppested thal a recur-
sive parameter cglimation method for autcregressive
moving average models or a neural network model
would provide the desirable features of adaptability
and predietability required for real-lime control of
wastewater trcatment processez. The need for these
features is heightened when the size and variability
of the system to be modeled increases (e, when the
forecast lead Limes and mode] errors inereasel.

Although the general problems of data reliahility
are eommon to most of the real-lime applications dis-
cussed in the literalure, most appeared relatively
tractable comparcd to the water quality management
problem in the San Joagquin River Basin.

REAL-TIME DATA ACQUISITION SYSTRHM

Although river stage, EC and temperature have
keen monitored on a real-lime basis, other real-time
water qualily monitoring is generally limited to those
properties and constituents such as temperature, pH,
or dissolved oxygen for which no sample preparation
is required. Technigques for the real-time measure-
ment of olher parameters of interest in the San
Joaquin River, such as selenium and boron, have not
been established nor are reliable sensors available,

A real-time water queality monitoring network has
been established in the Grasslands Basin and along
the main stem of the San Joaquin River. Nine sites
were chasen for real-time moenitoring ¢l [low, electrical
conduetivity and temperature aleng the San Joaquin
River and its tributaries. These monitoring sitas are
listed in order from upstream to downstream, logeth-
er with the sensor daia collected at each site:

* San Jeaguin River at Tander Avernue (EC, flow,
temp)

* Salt Slough at Highway 163 Bridge (EC, flow,
temp)

* Grasslands Bypass (complance point — site B}
(KC, flow, temp)

¢ Mud Slough necar Gustine (EC, tlow, temp;

s Mereed River near Stevinzon (EC, flow, temp)

v San Jeaquin River at Newman ((ow)

s Orestimbs Creek (EC, flow)

s San Joagquin River at Crows Landing (EC, flow,
temp)

¢ San Joaquin River al Vernalis (EC, flow, tcmp)

The locations of these stations are shown in Figurs
3. The data from these stations is currenily teleme-
tered via modem to central data proccssing stations in
the USBR and the DWH, where the information is
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Grasslands Bypass
Site B

",

Los Banos satt Siough
@ Hwy 165

0 10 20
Lt 1km

® San Joaguin River monitoring sites

& Tributary monitoring sites

San Joaguin River at Vernalis

Stanislaus River

Tuolumne River

San Joaguin River at Crows Landing

San Joaquin River at Newman

San Joaguin River at Lander Avenue

Merced River near Stevinson

Figure 3. Location of Real-Time Monitoring Sies in the San Joaquin River Baain.

checked for errorg and missing values and parsed into
a format accessible by o daily water quality forecast-
ing model. The evolution of this model and its applica-
tion is the nexus of water resources modeling
activities in four agencies within California: the State
Water Resources Control Board, the U.8. Bureau of
Reclamation, the California Department of Water
Resources, and the California Regional Water Quality
Control Board (Kipps ef 2., 1997).

SAN JOAQUIN RIVER DAILY
INPUT-OUTPUT MODEL

The San Joaguin River Daily Input-Output
(SJRIO) model is a mass balance model which ealeu-
lates daily flows and concentrations of total dissolved

JAWRA

solida (TTIS), boron, and selenium for a 96 km reach of
the San Jeaquin River from Lander Avenue to Ver
nalis (SWRCB, 1985). An extensive datahase was
assembled, with data for water years 1977 to 1985, Lo
run the model. The SJRIO was modified to aecepl
stochastic data, so that it could be run with historical
dala, stochastic data, or a combination of hoth. The
mcdel has been further modified to run on a duily
time step so that it can be used with resl-time flow
and waler gualily dala on the SJR.

The daily modcl, SJRIODAY, contains the following
tributary river segments:

* 10 km of Salt Slough below the Highway 165
gaging station

* 15 km of Mud Slough below the Gustine gaging
station
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Real-Time Management of Water Quality in the Sun Jeaguin River Basin, Califcrnia

* 8 km of the Merced River below the Stevinson
gaging station

* 24 km of the Tuolumne River below the Modesto
gaging station

* 14 km of the Stanislaus River below the Ripon
gaging station

¢ Several kilometers of three west-side tributaries:
Del Puerto, Orestimba and Hospital/Ingram
Creeks

Daily flow calculations for the SJRIODAY morel
are made using hydrologic routing Lechnigques. Water
quality constituents are considered conservativc,
Those data are used to establish initial conditions for
model runs and to generute a two-week forecast of
flow and EC, In the absence of real-time data, boron
and selenium forecasts are made using the mest
recently available data combined with historical
means and the best judgment of the modeler. Real-
time or forecasted rainfall can be used to account for
additianal runoff in the basin, Real-time dala are sup-
plemented by mean monthly flow and water qualily
data for other model components for which no real-
time dala are available, including: groundwater,
riparian and appropriative diversions, surface and
subsurface agricultural return flows, riparian cvapo-
transpiration, evaporation, and precipitation, These
componcnts are estimated within the mode] based on
seasonal variability and wet/dry water year classifica-
Lion provided by the modeler.

GRAPHICAL USER INTERFACE

A Graphical User Interface (GUL) was designed for
the SJRIODAY medel to be user friendly hy exploiting
the point-and-click capability of the Windows system
(Figure 4). Upon execution of the GUI a colorful map
of the San Joaquin River system is displayed on the
computer screen. The user can direct the arrow cursor
to any parl of the map and, using the point-and-click
system available within Windows, recall the duta for
review or for changes of input conditions. The user
can also seroll through a display of dates, viewing the
temporal variations of water quality parameters at
any map lecation on the sereen and can display spa-
tial color caded changes in water quality at any given
time. By clicking at a time advance button, the user
can create a near-animation of salt movement
through the San Joaquin River between Lander
Avenue and Vernalis.
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The GUI performs five functions:

1. Retrieves real-lime monitoring data for initial
conditions by modem from a dedicated computer or
weh site. (Telemetered data updated weekly by lield
staff after guality assurance checks have been per-
formead.)

2. Edits and uploads water operators’ operational
schedules.

3. Runs the predictive STRIODAY model.

4. Trownloads model results,

5. Msplays the results.

Therc arc two versions of the GUT. The general ver-
sion for water operators can edit and upload opera-
tional schedules of reservoir releases, download the
results of computer runs using the (vrecasting model,
and display the output from these runs. This version
does not allow the user Lo make a full model run. The
full version of the GUI has the same capabilities as
the operators’ version hut alsoe allows the user Lo
download monitoring data and to run the forecasting
model, SJRIODAY.

MODEL RESULTS ANT) FORKCASTS

Forecasts of flow and water quality at Vernalis
were made each week from February 12, 1998, to
June 30, 1997, and a post audit of forecast accuracy
was broadcast on the electronic listserver, comparing
the forecasts with observations oblained from CDEC
and the real-time monitoring system (Kipps et al.,
1997). Figures § and 6 show the performance of Lhe
forecasting model for predicting flow and EC at Ver
nalig. 'The observed CDEC and model-simulated flows
at Vernalis and the observed CDEC and simulated
TDS concentrations and assimilative capacitics arc in
closer agreement in the case of the 1-week forecast
than for the lwo-week forecast, as expected. The
model performed well during most of 1996 and, in
particular, the summer months, when flows and
water qualily on the San Joaguin River were domi-
nated by agricultural drainage from Mud and Salt
Sloughs. Predicted salt Toads from the water quality
forecasting model, SIRIODAY, were consistently with-
in L 11 percent of actual, within * 14 percent, for
seven-day forecasts and within + 26 percent for 14-
day forecasts for the 16-month trial period. In gener-
al, the model tends Lo overestimate flow as well as
EC.

The San Joaguin Valley was subjecled Lo a series of
severe winter storms hetween December 25, 1996,
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and January 25, 1897, which produced an extraordi-
nary volume of runoff from the eastside Sierran
watersheds. Without an accurate walershed model,
runuff foreeasts were based on eslimates of the flood
hydrograph from each contributing watershed and
real-tirae flow data. When flow and EC for the 48
days dominated by rainfall/runoff events during the
trial period were eliminated from the dala set, the
error bar decreased to + & percent for the model, and
* 11 pereent and * 17 percent for the seven-day, and
14-day forecasts respectively. R-squared values for the
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model, seven-day and l4-day forecasts were 0.93,
{88, und 0.76 using the full data sct, which improved
to 0.95, 0.91, and 0.79 when the 48 days dominated by
rainfall-runoff events were eliminated.

Figures & and 6 iHustrate the problems encoun-
tered in making accurate flow forecasts during the
trial period. Although the model and the runoff fore.
casts continued to overestimate real-time flows
between January 14 and January 2§, 1897, levee
breaks along the San Joaquin River accounted for
some of the discrepancy. Tn some inslances, Lhe model
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Heal-Time Management of Water Quality in the San Joaquin River Basin, Caliibrnia

and forecasts alerted the analysts Lo problems in the
manitoring networks, which included the failure of an
EC sensor and a flooding problem when a portian of
the river flow was diverted arcund the gaging station.
The dominance of east-side tributary flows on San
Jonquin River water quality during the trial pericd
improved the accuracy of prediction. Model and fore-
cast EC concentrations were not significantly differ-
ent from the real-time EC data.

REAL-TIME MANAGEMENT QF
FLOW ANTY WATER QUALITY

The accuracy of the forecastz performed with the
aid of the model is greatest when schedules of cast-
side reservoir releases and estimates of agrieultural
and welland drainage discharges are available. These
deterministic inputs reduce the errors associated with
the inherently stochastic nature of river flows and
agricultural Joads. Reliable forecasls aud the capabili-
ty of dischargers and diverters to acl upcn these fore-
casts requires information exchange and coordinated
muanagement.

REOPEERATION OF EAST-SIDE RESERVOIRS

Walter dislricls make releases from east-side reser-
voirg for power generation, irrigation, and municipal
water to cities and towns located along the major San
Joaquin tributaries. Reservoir operators are obligated
to make releases to aid fish migration during certain
tites of the year pursuant to their FERC licenses and
for recreation and other purposes negotiated with
local interests. East-side reservoir aperators have had
few incentives in the past to cooperate with agricul-
tural water districts and wetland refuge managers to
improve water quality conditions in the San Joaquin
River. These attiludes are shifting with recent legisla-
tion to encourage wailer Lransfers and waler market-
ing. Such incentives have allowed the Federal
Government to acquire water zupplies for tributary
pulse flows to aid fish migration. The U.8. Bureau of
Reclamalion has developed a scheme to compensate
east-side water districts for additional scheduled
releases that exceed normal operations for the pur-
pose of improving the salmon fishery, These pulse
flows provide windows of opportunity for west-side
agricultural water districts and wetland managers to
increase discharge fows and salt loads withoul violat-
ing the San Joaguin River salinily oljectives at Ver-
nalis,

JOURNAL OF THE AMERICAN WATFR RESQURCFS ASSOCIATION

WETLAND DRAINAGE MANAGEMENT

Wetllund discharges of salt to the river have come
under increased scrutiny ever since the provision of
additiona) Federal water supply under the Central
Valley Improvement Act of 1992, In the Graaslands
Basin there are 41,000 heciares of wetlands — a com-
hination of permanent, seasonal and upland habital
for migrating wildfow? of the Pacific Flyway. The
greatest impaet to the San Joaquin River is from sea-
sonal wetlands which are usually flooded in the
months of September and October and drain during
the spring months of March, April and May. Approxi-
mately 10 percent of the salt in the San Joaquin River
derived from these wetland discharges. The potential
for real-time management. of salts from these wet-
lands is constrained by the necessily Lo provide maxi-
mum food value and habitat requirements for
dillerent wildfowl species.

During early January 1996 the Grassland Waler
District, in cooperation with the Water Quality Com-
mittee of the San Joaquin River Management Pro-
gram (SJRMP), conducted an experimenlal early
drainage release of ponded water. This early release
provided a potential benefit to the River by reducing
the likelihood of dewnstream salinity linpacts later in
the season and reducing the risk of salinily objective
violations, The Water TDistrict requested that the
suthors provide a foreeast of the most advantageous
time to make this release. A model forceast, made on
January 15, 1996, suggested that the combination of
high river Hows and an inuminenl rainstorm might
provide the necessary assimilative capacity. The peak
wetland release was timed so that il would coincide
with peak flow in the S8an Joaguin River. Wetland
flushing began on January 18 and ended an Febraary
19, with the peak flow cceurring between January 27
and February 10, This peak flow arrived at Vernalis
between February 1 and February 14 (Figure 7). On
January 15, before the arrival of the wetland relaases,
flow at Vernalis was approximately 56 cubic meters
per second, and the EC was 1000 uS/em, At the time
of arrival of the peak wetland releases at Vernalis,
flow at Vernalis ranged from 148 to 294 cubic meters
per second and the EC ranged from 220 to 430 ul¥/em.
Excess assimilative capacity was ohserved in the
River throughoul Lthe simulation period as a result of
the rainfall-runoft cvents in the upper watershed. No
violations of the EC objective occurred during the
trial period, and there were no EC violations in the
San Joaquin River during March and April 1996.
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MANAGEMENT ANT) CONTROL OF
AGRICULTURAL DRAINAGE

The mast cost-effective agricultural drainage con-
trol structures allow storage of drainage effluent dur-
ing periods of low assimilative capacity and discharge
of drainage effluent during periods of high assimila-
tive capacity. Drainage cffluent is currently managed
by the foliowing techniques: (a) drainage source con-
trol and water conservation practices; (b) minimiza-
tion of tailwater and separation of tailwater and
tilewater; (¢) recirculation and blending of subsurface
drainage water; and (d) manipulation of subsurface
drainage sumps. Implementation of these techniques
requires intensive water management and require
careful monitoring of salts,

The Grasslands Bypass Project, initiated in Octo-
ber 1996, is 4 unique prograin under which Lhe agn-
cultural water districts agreed to limit monthly and
annnal selenium loads from the 41,000 hectare DSA.
A fee schedule for all exceedences of monthly and
annual targets (with a cap of $250,000) was agreed
after negotiations between the farmers, agriculiural
water districts, and the state and federal agencies
participating in the project. Although the stringent
monthly load limils currently conslrain the flexibility
of the water districts to adjust discharges to match
river assimilative capacity, actions have been taken
that will lead to improvements in future rcal-time
management of discharges. A multi-million dollar
investment by the participating water districts in flow

JAWRA

and EC monitoring syslems, recireulation pumps and
ditches, drainage storage facilities and sump eontrol
systems will allow centralized control of drainage dis-
charges fram each district outlet.

Source Control and Water Conservation

Water conservation praclices have improved in
each of the DSA water distriets through the usc of
irrigation consultants, the implementation of tiered
water pricing policies, and the organizalion of water
managemenl workshops for farm workers wilh
instruction in both English and Spanish. Consider-
able improvements in on-farm irrigation practices
have oceurred over the last 12 months with invest-
ments in sprinkler systems and gated pipe Lo reduce
losses associated with furrow preirrigation and con-
veyanee in earth-lined ditches. Furmers in the DSA
had found that irrigatlion efficiencies were poorest
during pre-irrigation resulting from poor application
uniformity.

Tatlwater Return Systems

District policies thal require il irrigalion tailwater
to be recycled and kept separate from subsurface
drainage have improved on-farm irrigation efficien-
cies and reduced drainage volumes. One of the effects
of implementing this policy has been o cducate diteh
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tenders and increase their understanding of the effect
of management practices on irrigation distribution
uniformity. As a result many fields have been subdi-
vided and furrow row lengths reduced from 800
meters (1/2 mile) to 400 meters (1/4 milc).

Drainage Recirculation

The volume of subsurface drainage that ean be
recirculated is limited hy the tolerance of the ¢rop Lo
salt and boron concentrations. Generally, when sub-
surface drainage is recirculated, it is blended with
good quality surface supplies to minimize potential
negative impacts on c¢rop yield, Ample supplics of
good guality supply water are nceded periedically in
an irrigation system where recirculated subsurface
drainage is used (Rhoades,1984).

Manipulation of Drainage Sumps

Drainage sump pumps are typically activated when
the water level rises above an electronic sensor locat-
ad in the sump. The pump =ensors would be overrid-
den so a5 to shut off during periods of low river
assimilative capacity and to turn on only when river
assimilative capacity was adequate to accommodate
drain flows, The manipulation of sump pumps has
limited utility during periods of available assimilative
capacity, i.e., during fall and winter months and in
“wet” water years.

Hegulating Reservoirs

One means of reducing the response time is {o
build regulating reservoirs, such as those considered
in the planning studies, diseussed earlier. During
periods of low assimilative capacity, excess drainage
is stored in the reservoir and later rceleased when
assimilative capacity becomes available. 1f these
reservoirs were to be located close to the San Joaguin
River storage could be manipulated to take advanlage
of short-lterm periods of high assimilative capacity.
The experience at Kesterson Reservoir (Presser, 1994)
and in the evaporation ponds of the Tulare Basin, Cal-
ifornia (Skorupa and Qhlendorf, 1991) have shown
the potential danger of holding large volumes of sele-
nium contaminated water above ground for extended
periads of time. In both cases, hicaccumulation result-
ed in observable impacts to wildlife, even al low water
column concentrations. Research and monitoring
studies are needed to determine safe holding times in
these teservoirs. These reservoirs should also be
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designed to minimize their attraction to wildlife by
making them deep with steep shorelines, denuded of
vegelalion.

INSTITUTIONAL FRAMEWORK

Fur the real-iime water guality management sys
tem to be fully implemented and successfully used by
stakeholders, some institution huilding and reform at
the state level will likely be required. Incentives need
to be created for all parties for the acquisition, use
and sharing of drainage and reservoir release data,
Develaping systems for dissemination of current
information to interested parties ig the first step and
has been initiated threugh use of the Internet and the
creation of an e-mail listserver for the project. The
listserver automatically relays messages (ncluding
forecasts of real-time flow, water quality and sched-
uled reservoir release data) for downstream fizsheries,
flood control and recreation Lo the entire multiagency
subseriber list.

A problem is created in this unstructured charing
of information in that it does not have a formal feed-
hack loop — hence actions taken as a result of the flow
and water quality forccasts gleaned from the listsery-
ar are not accounted for in the current system. For
example, a downstream riparian diverter might
increase pumping above typical seasonal levels from
the San Joaquin River, if forecasts indicated a short
term improvement in water quality. This action would
decrease flow and salt load in the San Joaquin River
reducing the accuracy of the Vernalis forecast, Fore
casted Vernalis EC could increase or deerease depend-
ing on the lacation of the diversion and the relative
salt concentration of the river relative to the Vernalis
EC objective. One means of dealing with the feedback
prablem would be to sef up specific schedules for issu-
ing San Joaquin River water guality foreeasts, and fur
issuing official updates to these forceasls, based on
feedback information. To de this effectively will
require the establishment of a central anthority with
respenribility for water quality in the San Joaquin
River with control over drainage and reservoir opera-
tions. The current system has been in place for lees
than twe years. It is envisaged that the technology
tranafer process and Lhe loosening of institutional
consiraints will take several more years hefore the
potential benefits of this system are realized. A
research and develapment grant of $300,600 has been
awarded to the STRMF Watcer Quality Commiltec Lo
continuge development of the real time water guality
forecasting system aver the next three years.
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ABSTRACT

Precipitation and river flow during o Janoary 1995 (lood everl over the Russiun River watershed (0 the northern
Coastal Range of California were simulated using the Universily of Calitornia Lawrence Livermore Natlonal Laboratory’s
Coupled Atinosphere River Flow Simulation {CARS) System, The CARS System unidirectionally Tinks i primitive
equition atmospheric mesoscale model wa physically Bused, Tully distribuled hydrolopic mode! by eroploying ars au
romatedl land analysis system, Using twice-daily National Melgorologival Center eta soodel initial duta 1o provide the
large: scale forcing to the mesoscale model, the CARS System aas closely simulated the obscerved river [low during the
[uoding stage, whese the simulated river flow was within (0% of the observed river flow at the Tlopland gaupe station

on the Russian River.

1. Intraduction

Predicting local precipitation, land surtace hydrol-
ogy, and river flow is important for carly flood warn-
ings and for elficient management of resarvoirs. In
mountainous arezs such as the western United States,
steep lerrain and narrow valleys can cause severc
Aooding during heavy precipitation events. To pre-
vent flooding, local reservoirs need Lo release stored
walcr when heavy precipilation is expected. There-
fore, inaccurate predictions of local precipitarion and
river flow can canse either unexpeeted fTooding or un-
necessary releases of water resources.

As part of an effort to investigate regional-scale
atmospheric flows, precipitation, surface hydrology,
and river flow at various teniporal scales, we have
developed a Coupled Atmosphere—River Flow Simu-
lation (CARS) System. This modeling system can be
used w forecast or diagnose both armospheric condi-
tions and land surface hydrology on regional to

Corresponding author addrese: Normun L. Miller, Glubal Cli-
mate Research Division, University of California—Livermore,
PO, Box 808, Livermora, CA 94550,

E-mail: norm @ lUnl.gov

In final form ¥ Junc 1995,

Bullstin of the Amencan Metecroiogical Society

caichment scales, We applicd the CARS System to a
preluninary numerical prediction study over the Rus-
sian River Basin in the northern California Coastal
Range during a Moading period incarly January 1995,
The [ollowing sections discuss the CARS System and
the simulated precipiration and river flow.

2.The Coupled Atmosphere-River Flow
Simulation System

The CARS System consists of three unidirec-
tionally coupled numericat modcls; 1) the Mesoscale
Atmwospheric Simulation (MAS) Modcl, 2) the Auio-
mated Land Analysis System {ALAS), and 3) a modi-
[ied version of the hydrology model known as
TOPMODEL. As illustrated in Fig, 1, the CARS Sys-
tem can be nested wilhin cither a large-scale [orecast
or analysis data. Hence, the CARS System may be
employed for predictions of regional weather and
river [Tow or for simulating regional climatolongy, de-
pending on the choice of the large-scale input data.

The unidirectional coupling oceurs as follows, The
MAS model simulates precipitation and almespheric
variables al a 20-km horizontal resolution using ini
tial and time-dependent laleral boundary conditions

101

I —018692

|-018692



Murssles] Weather and Hydralogy

PrRefEtion Sy sz

Large-scale Forecasts/Analysis

:: ETA Forecasts/Analysis {and cther Largo-scale Products)
Temperature
Humidity
Wind
Preasurs
Mesoscale Atmospheric Simulation (MAS) Madel
_____________________ |
[ Regional Almospharke and Land-Surface Infermation |
Rain and Snow
LLNL Land Analysis Radiation
Temperalure
Sv61em - | Humidity
Hydrological Characteristics of Wind
each Walershed using DEMs Aressure
Snaw caver
TOPMODEL
[ SurfacesSubsurface Hydrology al individual Walersheds N
Runoft
Soil Waler ~#—————————
Riverflaw

]

Fic. I, Nesting procedurs of the CARS System.

obtained from large-scale atmospheric mput data. The
simulated precipilation and atmospheric variables are
then averaged over individual watershed areas come
puted by ALLAS. TOPMODEL computces river flow
using the warershed area mean precipitation and at-
mespheric varizbles simulated by MAS in conjunc-
ton with surface properties provided by ALAS.
The MAS model (Kinm and Soong 1994) is 4 primi-
tive equalion, limited grea mesoscale maodel, which
includes a third-order-accurate advection scheme
(Takacs 1983) and physical processes for 1) precipi-
tation and thermal forcing duc to deep convective
clouds and stratiform clouds. 2) solar and terrestria)
radiative (ransfer within the aumosphere, and 33 tur-
hitlent transter al the earth's surface and within the
atmosphere. MAS direetly computes rainfall and
snowfall separately using a bulk cloud microphysics
scheme by Cho et al. (1989). It also provides mixing
ratios of cloud water and cloud ice that are used in
determine opticai properties of water- and ice phase
clouds for computing solar and terresirial radiative
transfer. Interactions between the atmosphere and land
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surfuce are computed using the Coupled Atmosphere—
Plant-Snow Maodel (Mahrt and Pan 1984), which has
been tully coupled to MAS and has enabled us 1o keep
rack of available water resources, including those
stored in the snowpack.

The Awomated Land Analysis System is based on
sollware developed by the United States Geological
Survey (Jenson and Domingue 1988) and the
Lawrence Livermore National Taboratary (Miller
1993). AT.AS provides information on topographic
properties such as river networks, watershed areas,
and hydrologic characteristics al specificd resolutions
using digital clevation model data. The area and lo-
cation of watersheds determined by ALAS are
matched o the grid points of the MAS mode?, so that
compured watershied area mean atmospheric variables
and precipitation are avuilable to TOPMODLL as in-
pul.

TOPMODELI is a physically based, fully distrib-
uled hydrology modcl. The conceptual version of
TOPMODEL was initiated by Kirkhy (1975, and the
numerical model was developed by Beven and Kirkby
(1978). TOPMODFL computes the soil water bud-
get, surface-subsurlace fow, and the volume of
routed river flow in a specified arca. Tt has been im-
proved to melude Lhe effects of spatial scale on hy-
drologic processes (Sivapalan et al. 1990; Beven ot
al. 1988; Wood ctal. 1990) and has been applied o
many surface hydrofogical studies, inclnding the ef-
teets af terrain on streamtlow (Beven and Wowd
1983) and the effect of elimate change on hydrologi-
cal processes (Wolock and Hornberger 1991) Qur
version ol TOPMODEL has been further modified in
that it is driven by atmospheric variahles tprecipita-
lion, temperature, winds. and radiation) provided by
the MAS model.

3. Precipitation and river flow
simulations over the Russian River
Basin

Dwuring January 1993, California received an on-
usually large amount of precipilation. Between 7 and
11 January, three consecutive, stromyg slorms hit Cali-
fornia. Several parts of the state were alfected
by high water. as the soils became saturated when the
sceond storm reached the area, The Russian River
Basin was among the areas hardest hit with
an estimated Nood-related damage of over $800 mil-
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lion. We carriad out a simulation of local precipi-
tation and river flow during o flooding cpisode along
the Russian River Basin in the northern Calitornia
Coastal Range.

River flow simulations require separate inputs for
rainfall and snowtall, since snowtall does not inune-
diately affect river flows. The simulated 24-h accu-
mulated raintall and snowtall over the southwestern
United States on 10 January 1995 are shown in Figs.
2a.b. The MAS model predicted heavy rain-
fall during this period along the northern Coastal
Range, the western slope of the Sierra Nevada, and
the southern California coast near Santa Barbara,
which was also severely fooded. Ramfall 1o the north
ol the San Francisco Bay, including the northern
part of the Russian River Basin, was particularly
heavy. Since the snow line was located at upproxi-
malcly 2000 m (Fig, 2b), all of the precipitation that
fell over the Russian River Basin was in the form ol
rain, which {quickly saturated the soils and caused
overland fleoding.

Orographic features of the terrain in Calilornia
cause strong spatial gradients in precipitation. Te il-
Instrate the importance of accurale estimations of lo-
cal precipitation for computing river flows within

mountainous tetrain, we computed arca mean daity
procipitation over the eniire Russian River Basin
(3425 km") and over the area within the Russian River
Basin north of the Hopland gauge station (658 k™)
during (he simulalion period. ‘The terrain of the en-
tire Russian River watershed and an enlargement tor
the region of (he Russian River watershed north off
the Hopland gauge station (hereafter Hopland water-
shed) are shown in Fig. 3. The simulated daily pre-
cipitation averaged over the entire Russian River
watershed and the Hopland watershed frequently dif

fers by o factor of 2-3, especially daring the flood

ing stage (Fig. 4).

Figure 5 compares the simulated 0-h accumulated
precipitation averaged over the Hopland watershed to
the observed area mean precipitation, which is used
0 run the eperational river tlow model of the Cali-
fornia—Nevada River Forecasi Center. These observed
arca mean precipitation data are based on four rain
cauge values [rom Willits, Ukiah, Yorkville, and Lake
Mendocino (Fig. 3). A weighting function based on
climatological rainfall distribulion within the Hopland
walershed (H, Strem 1993, personal communication)
gives observed area-averaged precipitation of these
areas as
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station from | (o 12 January 1995, The
CARS System simulated the river flow
rate within 10% accuracy during the
flood stage. A significant overestimation
of the modeled river flow (or 11 JTanu-
ary was due o overpredicted rainfall
on 10 January. The sirmulated river flow
cxceeded the observed river flow by ap-
proxinately 30% during low flow peri-
ods before flooding mainly due to the un-
certainties in the initial soil warcr content.

4, Conclusions

Ye have developed 1 Coupled Atmo-
sphere River I'low Simulation System
by conpling a mcsoscale atmospheric
model with a physically based, distrib-
uted hydrologic model Wit simulates re-
gional precipitation, mesoscale atmo-

119 L

Firs. 3. Terrain and waicrshed boundary of the Russian River Basin at a 250- spherie circulations, surface hydrology,
i resolution. The Hopland warershed is located nerth of tie 39°N parallel and river [low. This prototype system

(uwlicalcd by a solid sust—weast line at Huoplund) within the Russian River Basir.

P

Loplan: =

0228 i+ 0287 1 +0.23P o+

3
0.28P Luke Mendncing

where P and P ace area mean and single rain gauge
values, respectively. The simulation has well captured
the amount and timing of precipitation over the
Hopland watcrshed during the study period, except
un 10 January where the model significantly over-
estimated the observed precipitation. This overesti-
mation was due to a large amouwsnt of moisture influx
inte the area prescribed by the eta mode initial ficlds.

In this study. soil texture, tepography, and the ini-
tal soil water saluration deficit were the most impor-
tant surface properties for computing river flow. The
inttiad soil water content for this simarion was ob-
lained by running TOPMODEL with the observed
climate history prior o the January 1995 storms. Wa-
tershed properties for the Hopland Basin were com-
puted at a 200-m resolution using topographic eleva-
tion data at a 100-m resolution, as sensitivity stuchics
indicated that this resolution is sufficient for the region.

Figure 6 illustrates the observed and simulated
daily mean river flow volume at the Hopland gauge

T04

successtully modelad the Tanuary 1995
storms that caused severe flooding alang
the Russian River watershed in the northern Califor
nia Coastal Range. The simulated area meun precipi-
fation is in strong agreement with the observed pre-
cipitation. The simulated river Hlow is also in SIrong
agreement with the observed value at the Hoplang
gauge station along the Russian River, as the simu-

100 [~ Hopland Watershed
-*- Ruscian K. Watershed

12345678 9101112
Day of January 1995

Fie. 4. The simulated area mean precipitation over the entire
Russian River watershed (dashed fine with solid circles] und over
the Hopland watershed (solid hne).
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TG, 5. The ohbserved (circles) und simuatated {Hing) arca-
averuged, 6-h accumulated precipitation over the Iloplaad
witershed.

lated river Mow during the flooding period diflers
from the observed value by 0%,

The CARS Sysleut is curtently being employed for
experimental numerical weather prediction for the
southwestern United Stlates. We have successtully run
this system continuously from 1 Junuary (o 30 Murch
with a similar accuracy level. These results arc be-
ing prepared lor o more detniled manuseript. The hy-
drologic simulation component of the CARS System
is being extended to include several other major river
systerns within California, including the Lake Shasta
inflow, the American River, and the Veather River.
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